ABSTRACT Manmade mineral fibres (MMMFs) were examined for their ability to hydroxylate 2-deoxyguanosine (dG) to 8-hydroxydeoxyguanosine (8-OH-dG), a reaction that is mediated by hydroxyl radicals. It appeared that (1) catalase and the hydroxyl radical scavengers, dimethylsulphoxide and sodium benzoate, inhibited the hydroxylation, whereas Fe2+ and H202 potentiated it; (2) pretreatment of MMMFs with the iron chelator, deferoxamine, or with extensive heat (200400 C), attenuated the hydroxylation; (3) the hydroxylation obtained by various MMMFs varied considerably; (4) there was no apparent correlation between the hydroxylation and the surface area of different MMMFs, although increasing the surface area of a fibre by crushing it increased its hydroxylating capacity; and (5) there was good correlation between the hydroxylation of dG residues in DNA and the hydroxylation of pure dG in solution for the 16 different MMMFs investigated. These findings indicate that MMMFs cause a hydroxyl radical mediated DNA base modification in vitro and that there is considerable variation in the reactivity of different fibre species. The DNA modifying ability seems to depend on physical or chemical characteristics, or both, of the fibre.
Epidemiological studies have indicated an increased risk of lung cancer associated with occupational exposure to manmade mineral fibres (MMMFs).'2 Animal studies with glass fibre and other MMMFs have indicated that these minerals are carcinogenic" and in vitro experiments have shown that glass fibres as well as asbestos may cause chromosomal aberrations,6 morphological transformations,7 and chromosomal abnormalities8 in cultured cells. Recently, the International Agency for Research on Cancer classified glasswool, rockwool, slagwool, and ceramic fibres as possibly carcinogenic to man. 9 The underlying molecular mechanism for MMMF induced carcinogenesis has not been resolved. One possibility is that reactive oxygen species-for example, hydroxyl radicals (OH')-are implicated in the carcinogenic process. Hydroxyl radicals are implicated in several harmful processes, including DNA base modifications,'" lipid peroxidation, single strand breaks in DNA, and carcinogenesis. " Asbestos fibres catalyse the formation of hydroxyl radicals and superoxide anions (O) in a cell free system containing H202,'213 and using electron spin resonance; this has also been shown for glass fibres.'4 With the same technique, asbestos'5 and rockwool and glasswool'6 Accepted 16 January 1989 may produce hydroxyl radicals in a cell free system without any addition of hydrogen peroxide.
We have previously reported that certain MMMFs and asbestos fibres may produce hydroxyl radicals that modify hydroxylate 2-deoxyguanosine (dG) ' After incubation, the amount of 8-OH-dG in the medium was determined, either directly (fibre dG system) or after digestion of DNA (fibre DNA system). In the latter case the ratio between 8-OH-dG and dG was used to measure the DNA damage. After incubation, the fibres were pelletted and supernatants were extracted with 3 0 ml chloroform: isoamylalcohol (24:1), and centrifuged (2000 g, 6 min). Table 2 shows the hydroxylation of dG residues in calf thymus DNA and pure dG in solution by 16 different MMMFs. All the fibres caused significant hydroxylation, although the extent of hydroxylation varied considerably. Fibres containing little or no iron-for example, glasswool and ceramic fibreswere poor in their hydroxylating capacity.
There was good correlation between the hydroxyla- tion of dG residues in DNA and the hydroxylation of dG in solution (r = 0-83, p < 0 01, Students t test, B = 0). By contrast, there was no apparent correlation between the hydroxylation and the surface area of the different fibres (r = 0-02). If the surface area of a fibre was increased by crushing, however, the hydroxylating capacity of that specific fibre was increased (table 3) .
Discussion
Our results show that MMMFs can catalyse the formation of hydroxyl radicals. Hydroxyl radical scavengers added to the incubation mixture decreased the hydroxylation, whereas compounds known to increase the formation of hydroxyl radicals had the opposite effect. The findings also show o OH + OH-+ (fibre)-Fe3+ The amounts ofO°and OH' seemed dependent on the presence of electron donor sites of the minerals: some of the fibres were active in forming hydroxyl radicals whereas others were poor in this respect. Asbestos fibres have been shown to decompose hydrogen peroxide with subsequent formation of hydroxyl radicals.'2 13 We did not add any hydrogen peroxide to the reaction mixture but this component could have been formed according to reactions (1) and (2) above. When catalase was added, the hydroxylation vanished. This goes in line with the results of Zalma et al who found a decreased hydroxyl radical formation when catalase was added to an asbestos solution. "5 To investigate the mechanisms behind the hydroxyl radical generation further, we examined different types of pretreated fibres. When the fibres were heated before incubation with DNA, the hydroxylation decreased. This could have been due to oxidation of the fibre surface, a possibility that is consistent with the observation that the hydroxylating capacity almost disappeared when the fibres were placed in an oxygen gas flow during the heat treatment. A similar phenomenon has been shown for chrysotile asbestos, whose cytotoxicity towards cultured human fibroblasts and bovine alveolar macrophages was reduced after heat treatment.24 Fibres pretreated with the iron chelator, deferoxamine, showed a reduced ability to hydroxylate DNA. Deferoxamine has been shown to decrease asbestos mediated lipid peroxidation2' and glassfibre mediated formation of hydroxyl radicals. '4 438 The iron content of the fibre examined in our study was approximately 5%, which thus seems to have contributed significantly to the formation of hydroxyl radicals.
When a larger number of different fibres was investigated, there were great differences in the hydroxylation, both ofdG residues in DNA and ofdG in solution. There was, however, a good correlation between the hydroxylation ofdG residues in DNA and of dG in solution. This points to the possibility of using the more simple dG hydroxylation test for estimating the DNA damaging capacity of different MMMFs.
Our results thus indicate that MMMFs are able to reduce oxygen with the subsequent formation of hydroxyl radicals. These radicals may then cause hydroxylation of DNA and formation of oxidative DNA adducts including 8-OH-dG. It is tempting to speculate that this might play a part in the carcinogenicity of MMMFs. If 8-OH-dG is incorporated in a synthetic oligonucleotide this results in misreading during replication, not only at the 8-OH-dG residue itself but also at bases next to the 8-OH-dG. 25 When an oxygen atom is inserted at the C-8 position of a guanine base, this entirely changes the electrostatic potential of the molecule, a factor that could affect the action of DNA polymerase.26 Moreover, although in vivo experiments with irradiated mice have indicated the presence of a repair mechanism for removing 8-OH-dG from DNA,'`this removal was not complete.
It may be hypothesised, therefore, that this type of DNA base modification may underlie MMF induced mutation and carcinogenesis.
